Measurements and Derived Quantities
Typical ER-2 flights during POLARIS ranged from 6-8 hours in length, during which the ER-2 cruised at an altitude of -18-20 km (-65 mbar) in the lower stratosphere. The observations used in the current analysis were selected from the POLARIS data set for pressures between 50 and 100 mbar to remove measurement uncertainties associated with aircraft ascents and descents. A list of the POLARIS flights used here and the range of conditions encountered by the ER-2 i s given in Table 1 . ER-2 instrument characteristics are given in Table 2 .
NO and NO2
Measurements of NO and NO2 were provided by the National Oceanic and Atmospheric Administration (NOAA) Aeronomy Laboratory chemiluminescence detector. NO is detected using the chemiluminescent reaction with 03. In a photolysis cell located upstream of the chemiluminescence reaction vessel, 30 to 50% of ambient NO2 is converted into NO. A schematic of the photolysis system is shown in Figure 2 , and operating characteristics and uncertainty terms are listed in Table 3 . A combination of color-glass optical filters reduces the UV bandwidth from the broad band light that reaches the ambient sample and selectively photolyzes NO2 [Gao et al., 1997] . Fans provide cooling air from a duct along the aircraft skin to minimize heating of the ambient sample, the photolysis cell, and the filters.
When All data except SZA and solar exposure are provided by instruments in Table 2 . a All dates refer to 1997 flights; flight lengths range from 4 to 8 hours.
b Solar zenith angle. h Indicates a flight that is not included in Plates 3 and 4 because HO 2 data were unavailable. 2.1.1. UV lamp evaluation. The characteristics of the radiation reaching the cell from the photolysis lamp are shown in Figure 3 . In addition to controlling the UV bandwidth reaching the photolysis cell, the color-glass filters also reduce the transmitted IR radiation, and therefore the resulting temperature of the photolysis cell and sample air.
The filter configuration used in previous field campaigns consisted of a Pyrex© window, a 2-mm thick Schott UG-5 band-pass filter, and a 2-mm Schott WG-345 long-pass filter.
The transmittance of each of these components is shown in Figure 3a J Although discrepancies between channels were less than 10% in all cases, the corresponding uncertainty in the NO 2 mixing ratio is a function of the ambient NO2/NO ratio.
k Calculated for both NO and NO 2 channels. the instrument. These discrepancies added a relatively large uncertainty to measured NO 2 mixing ratios and therefore were a primary focus for improving instrument performance. The discrepancy was determined to be due to a loss of NOamb The initial configuration consists of the combination of KG-4, UG-5, and WG-360 filters, while the final configuration was composed of Pyrex©, UG-5, and WG-345 filters (see Figure 2 ). photolysis cell was tested in the laboratory to characterize the influence of UV bandwidth, sample temperature, reactions with ambient levels of 0 3 , and artifacts due to lowlevel HNO 3 photolysis. Despite the variety of tests performed, the loss of NOamb seen in flight could not be reproduced in the laboratory. In flight tests of the photolysis system before POLARIS in July, August, and December of 1996, loss of NOamb was found for each filter configuration discussed in the previous section. However, evidence of NO loss appeared only in the stratosphere and not in tropospheric flight legs of the ER-2. The differences suggested that an atmospheric constituent present with different abundances in the stratosphere than in the troposphere might be the cause. H20 was a good candidate because it has a large gradient across the tropopause. Thus, the addition of water vapor to the sample flow upstream of the photolysis cell in flight was checked and found to significantly reduce the loss of NO within the cell during flights in the stratosphere. Specifically, the addition of approximately 2% H20 by volume to the sample flow has been shown to effectively suppress the NOam b loss process without significantly reducing the sensitivity to NO 2 or NO. Although the specific role of H20 vapor in reducing the loss of NO is not known, H20 suppression of surface processes has a precedent in other atmospheric measurements. For example, H20 vapor is used to reduce noise in the reaction vessel of chemiluminescence detectors [Drummond et al., 1985] , and whole air samples are often taken in H20-passivated cans to prevent loss of more reactive species [Heidt, 1978] [Gao et al., 1994] . Similarly, interference due to photodissociation of NOy species other than HNO 3, such as C1ONO 2, N20 5, and HO2NO 2, is expected to be less than 5% for conditions in the lower stratosphere [Gao et al., 1994; DeMore et al., 1997] . No evidence of these reactive or photolyric interferences was found during the POLARIS campaign. The uncertainty in NO2 due to photolysis of HNO 3 is a function of the NO2/HNO 3 ratio. As a result, although the upper limit of this uncertainty was 4% for POLARIS, it may increase in future field campaigns if the value of the ratio is significantly lower than that for POLARIS. The contribution of each uncertainty listed above is given in Table 3 as a percentage of the calculated NO2 mixing ratio. r•or a given flight, the estimated average uncertainty in NO 2 mixing ratios at cruise altitudes ranged from 10 to 21%, with larger values at higher pressures. No values with uncertainties larger than 30% are included in the present study. Table 1 ) is shown in Figure 4 . The average difference between the two instruments is approximately 6%, a value well within the uncertainties of the individual measurements (see Table 2 Table 2 .
Pressure, temperature, and other meteorological and positional data were collected by the NASA Ames micrometeorological measurement system (MMS) on board the ER-2. 
JN02 Values

[NO2]ss Calculations
In some previous evaluations of the NO/NO 2 steady state, Table 1 ). The contributions of each of these terms may become more significant under specific conditions. For example, during the polar winter when mixing ratios of C10 are significantly elevated due to heterogeneous processing, the contribution of this term to the expression will become more competitive with the 03 term. Similarly, at altitudes closer to the tropopause where the relative mixing ratios of inorganic chlorine species decrease substantially, the contribution of the HO 2 term to the expression may become competitive with that of C10. Therefore, despite the small contribution from these terms, [NO2]ss is calculated using all terms (equation (la)) in the remaining analysis for completeness. 
Results and Discussion
[NO2]ss Evaluation
JNO2,ss
The steady state expression shown in equation (2) Table 1 Seasonal differences in the discrepancy between steady state and measured NO2 values were found using the POLARIS data, with larger discrepancies in the early summer season than in spring or late summer. The cause of these differences has not been identified.
The consistency between comparisons using two independent measurements of NO2 suggests that NO2 measurement error is an unlikely cause of the seasonal differences. 
